and less educated are more likely to smoke (Garrett et al., 2004; Laaksonen, Prättälä, & Karisto, 2001) . Those who smoke are more likely to report more comorbidities (e.g., lung diseases, including asthma and emphysema, cancers, and heart disease) (U.S. Department of Health and Human Services, 2004) . Individuals with depression are more likely to smoke and have more difficulty quitting (Glassman, 1993) . In addition, smokers are known to engage in other risky health-related behaviors, such as alcohol consumption (Ma, Betts, & Hampl, 2000) , and to have an unhealthy diet (Garrett et al., 2004; Kvaavik, Meyer, & Tverdal, 2004; Ma et al., 2000) , physical inactivity (Kvaavik et al., 2004) , and poor sleep quality (Zhang, Samet, Caffo, & Punjabi, 2006) . Although several studies have investigated smoking-related variables among blue collar workers and identified some unique smoking patterns (e.g., earlier initiation of smoking and more smoking among blue collar workers) (Lawrence, Fagan, Backinger, Gibson, & Hartman, 2007) , no studies have focused on blue collar Operating Engineers. Smoking among Operating Engineers is particularly harmful because they are exposed to several occupational hazards every day (Oliver, Miracle-McMahill, Littman, Oakes, & Gaita, 2001) , and some of these hazards have a doseresponse synergistic effect with smoking on the pulmonary system (i.e., lung cancer) (Chen et al., 2004) . Despite the synergistic effect of work-related hazards and smoking, construction workers have the highest smoking prevalence of all blue collar workers in the United States (Arheart et al., 2008) .
One explanation for higher smoking rates among blue collar workers than white collar workers is that blue collar workers often work outdoors and do not benefit from many anti-smoking policies that have been found to be among the most effective smoking cessation interventions for the general population (Rachiotis, Karydis, Drivas, & Hadjichristodoulou, 2009 ). In general, public health efforts have reduced the prevalence of smoking among white collar workers, but have had little impact on blue collar workers. Another possible reason is the lack of cessation studies and interventions targeting blue collar workers. Using the Health Promotion Model as a framework (Pender, Murdaugh, & Parsons, 2010) , the purpose of this study was to develop a smoking cessation intervention based on personal and behavioral factors related to smoking among Operating Engineers.
METHODS
This cross-sectional study was designed to identify smoking-related variables among Operating Engineers in the United States. The dependent variable was cigarette smoking. Explanatory variables included personal factors (i.e., age, sex, race, marital status, education, work experience, and comorbidities), a psychological factor (i.e., depressive symptoms), and related behaviors (i.e., alcohol use, diet, physical activity, body mass index [BMI] , and sleep quality). Institutional Review Board approval was received from the University of Michigan.
Study Population and Setting
A convenience sample was recruited from approximately 16,000 Operating Engineers in the state of Michigan who attended either a 3-day apprentice certification course or the 8-hour Hazardous Materials (Hazmat) refresher course during the winter of 2008. Operating Engineers were asked to participate until a quota of 500 was reached. Ninety percent of the Operating Engineers who were asked to participate agreed and returned a survey. Each participant received a $10 gasoline gift card for completing the survey. Two of the returned surveys were incomplete and dropped from the analysis, resulting in a final sample size of 498.
Measures
Dependent Variable. Smoking status was determined by self-report based on the validated question (Prochaska, Velicer, Fava, Rossi, & Tsoh, 2001, p. 587) :
"Please circle the answer that best describes your smoking status.
(1) I currently smoke cigarettes.
(2) I have smoked in the past, but quit within the last month.
(3) I have smoked in the past, but quit within the last 6 months.
(4) I have smoked in the past, but quit within the last year.
(5) I have smoked in the past, but quit over a year ago. (6) I have never used tobacco products." Those who currently smoked cigarettes and had smoked in the past but quit within the last month were categorized to be smokers. Independent Variables. Demographic factors included age, sex, race, marital status, education, and job experience. For descriptive purposes, the standard Occupational Safety and Health Administration questions about occupational exposures to asbestos, asphalt fumes, benzene, concrete dust/milling, heat stress, lead/lead paint, silica, solvents, and welding fumes were included. Self-reported comorbidities (i.e., cancer, lung disease, heart disease, hypertension, stroke, psychiatric problems, Smoking rates are high among blue collar workers, resulting in both acute and chronic diseases as well as excess mortality in this population. Work site smoking cessation interventions have been shown to be efficacious and cost-effective by reducing total health care costs and improving productivity. Given their counseling skills and rapport with workers and providers, occupational health nurses are in the best position to conduct work site smoking cessation interventions among health care providers.
diabetes, and arthritis) were collected by survey (Mukerji et al., 2007) . The numbers of these conditions were then totaled and dichotomized into two groups, either zero or one or more comorbid conditions. Depressive symptoms were measured by the Center for Epidemiologic Studies Depression Scale (CES-D), with a cutoff score of 16 or higher indicating clinically significant depressive symptoms (Radloff, 1977 ). Cronbach's alpha ranged from 0.84 to 0.87 across ethnicities (Crockett, Randall, Shen, Russell, & Driscoll, 2005) .
Health behavioral factors included alcohol use, fruit and vegetable intake, physical activity, BMI, and sleep. Alcohol use was measured by the Alcohol Use Disorders Identification Test (AUDIT), which has a test-retest reliability of 0.86 (Saunders, Aasland, Babor, de La Fuente, & Grant, 1993) . Selected questions from the validated Willett Food Frequency Questionnaire were used to assess the average number of fruit, fried food, and vegetable servings participants ate (Willett et al., 1985) . Physical activity was measured using the Physical Activity Questionnaire, with a test-retest reliability of 0.65 and reported strong validity (Norman, Bellocco, Bergström, & Wolk, 2001) . BMI (i.e., weight in kilograms divided by the square of height in meters) was calculated based on self-reported height (without shoes) and weight. Sleep was measured by the Medical Outcomes Study (MOS) sleep scale, with an internal reliability alpha coefficient ranging from 0.64 to 0.87 (Hays, Martin, Sesti, & Spritzer, 2005) .
Data Analysis
Descriptive statistics were computed for all variables. Due to missing values, the number of participants varies for each variable. To determine the association of independent variables with smoking, bivariate analyses were conducted using t tests and chi-square tests of associations. Prior to constructing a final multivariate model, Pearson correlation coefficients were examined to determine multicollinearity among independent variables. Because work experience was highly correlated with age (r = 0.64, p = .000), only age was included in (cont'd) the final multivariate model. Depressive symptoms were not included in the final multivariate model because no difference in depressive symptoms was found between smokers and nonsmokers, and depressive symptoms were highly correlated with sleep (r = 0.44, p = .000), which was included in the final model. Multivariate logistic regression analyses were conducted for the final model. Using the rule of 10 subjects per factor for regression analysis (Harrell, Lee, & Mark, 1996) , the sample of 142 smokers and 270 nonsmokers provided sufficient power to include more than 14 variables. The significance level was set at .05. The researchers used SPSS for Windows, version 17.0, for the analyses. Table 1 lists sample characteristics. The mean age of the participants was 43 years, and the majority were male (92.3%) and White (92.4%). Sixty-eight percent of the participants were married, and 60.8% had a high school education or less. The majority (80.3%) of the participants had worked 10 years or more and they reported the following daily exposures to hazardous materials: concrete dust/milling (75.9%), heat stress (73.9%), welding fumes (72.1%), asphalt fumes (61.8%), silica (55.4%), asbestos (50.2%), lead/lead paint (40%), and benzene (38.8%).
RESULTS

Description of the Sample
The most common comorbidities were hypertension (25.7%) and arthritis (18.7%). Almost half (46.8%) of the participants screened positive for depressive symptoms, and 32.8% scored positive for problem drinking. The mean BMI was 30.3 kg/m 2 ; the majority were overweight (40%) or obese (45%). Physical activity (M = 42.7) and sleep (M = 70.3) scores were about average when compared to population norms of 40.8 for exercise (Norman et al., 2001 ) and 72 for sleep (Hays et al., 2005) . Among 498 participants, smoking status was available from 487 participants. Of the 487 participants, 43.6% used tobacco products (i.e., cigarettes, cigars, pipe, cigarillo, or snuff/chewing tobacco) and the rest either had never used or had quit more than 1 month prior to the survey (Table 1) . Fruit and vegetable intake was remarkably low, with only 33.6% eating fruit (not counting juices) once a day or more and only 38.8% eating vegetables (not counting salad or potatoes) once a day or more. Moreover, about three fourths (72.9%) ate deep fried foods once per week or more. Table 2 shows the bivariate associations between the independent variables and smoking. Age, marital status, work experience, self-reported comorbidities, alcohol use, vegetable intake, physical activity, and BMI were significantly associated with smoking. Compared with nonsmokers, smokers were more likely to be younger (p = .015), be separated, widowed, or divorced (p = .015), have fewer years of work experience (p = .020), have no comorbidities (p = .023), have higher alcohol use (p = .000), be less physically active (p = .033), and have lower BMI (p = .000). The relationship between vegetable intake and smoking was significant (p = .039), but nonlinear; more smokers were distributed in the second lowest (17.3% vs. 15.7%) and the highest (46.6% vs. 33.6%) categories of the four vegetable intake levels, compared with nonsmokers. No differences in sex, race, education, or depressive symptoms were found between smokers and nonsmokers. Each group screened high for depression (47.4% vs. 46.3%). No differences in fruit intake or sleep quality existed between the two groups. 
Bivariate Analyses
DISCUSSION
Operating Engineers smoke at a higher rate than the general population; they may be more vulnerable to smoking because they do not benefit from indoor antismoking regulations, have more smoking coworkers, and are more likely to engage in other risky behaviors related to smoking. Similar to other studies, the Operating Engineers who were smokers were more likely to be younger and separated, widowed, or divorced (Garrett et al., 2004) . However, unexpectedly, depression did not vary significantly between these smokers and nonsmokers, with each group having approximately twice the depression rate of the population norm (21%) (Radloff, 1977) . Considering the prevalence of depression among Operating Engineers and the low chance of quitting smoking among those with depression (Glassman, 1993) , smokers with depressive symptoms should be offered smoking cessation interventions as well as validated treatment for depression. Some medications, such as bupropion, have been shown to be effective for smoking cessation and may also provide relief for comorbid depressive symptoms (Brown et al., 2007) .
The high prevalence of depression may also account for the additional poor health habits found among Operating Engineers, including depression and problem drinking, which are highly correlated with smoking (Duffy et al., 2006) . The rate of problem drinking in this population (33%) was approximately three times greater than population norms of 7% to 13% (Substance Abuse and Mental Health Services Administration, 2009). Drinkers are more likely to smoke and have difficulty quitting (Duffy et al., 2006; Ma et al., 2000) . For individuals who are problem drinkers and also smokers, interventions such as referrals to Alcoholics Anonymous may be needed preceding or simultaneously with implementation of smoking interventions.
Vegetable intake was not significantly associated with smoking, perhaps because this study included other health behaviors related to vegetable intake in the model simultaneously. Although multicollinearity was examined using variance inflation factor and tolerance, correlations between vegetable intake and other health behaviors such as physical activity and BMI could possibly have influenced the relationship between vegetable intake and smoking in the model. Despite the smokers in this study being less physically active than nonsmokers, they still had a lower BMI than nonsmokers. This is consistent with the literature in that smoking increases metabolic rate, decreases metabolic efficiency, or decreases caloric absorption (Chiolero, Faeh, Paccaud, & Cornuz, 2008) . Operating Engineers may have even less on-the-job physical activity than other blue collar workers because they drive equipment and thus sit for most of the day. However, increasing physical activity may reduce these workers' high depression rates because physical activity is known to increase the release of endorphins and reduce depression (Wiles, Haase, Gallacher, Lawlor, & Lewis, 2007) . Although sleep problems have been correlated with smoking in other studies (Zhang et al., 2006) , sleep quality was not associated with smoking among Operating Engineers, perhaps because this study assessed self-reported sleep while other studies assessed objective sleep architecture or sleep quantity by the use of polysomnography or hours of sleep. Additional studies are needed to identify the association between smoking and sleep using more diverse measures.
The current study confirmed the findings of other studies showing the clustering or bundling of risky health behaviors among smokers (Garrett et al., 2004; Kvaavik et al., 2004; Laaksonen et al., 2001; Ma et al., 2000) . Two or more combined risky health behaviors have been shown to result in increased risks for developing chronic diseases, such as cardiovascular diseases or various cancers, compared to that expected by the sum of the separate effects of each risky behavior alone (Ma et al., 2000) . Moreover, smoking is more harmful to Operating Engineers because these workers are exposed to occupational hazards that have a dose-response synergistic effect with smoking, causing pulmonary diseases (Chen et al., 2004) . Given the high prevalence of smoking (28.5%), daily exposure to occupational hazards, and clustering of other risky health behaviors, such as drinking, unhealthy diet, and physical inactivity, smoking cessation interventions targeting other risky behaviors simultaneously would be beneficial to Operating Engineers.
As the 2009 National Institutes of Health meeting on the science of behavior change emphasized the importance of focusing on clusters of health behaviors that may have common underlying processes, several studies have designed interventions targeting multiple health behaviors. For example, Duffy et al. (2006) found that a tailored smoking, alcohol, and depression intervention resulted in higher smoking cessation rates compared with the usual care group. Marcus et al. (1995) reported higher smoking cessation rates when the smoking cessation intervention was combined with physical activity as opposed to being alone. In a study of construction workers, Sorensen et al. (2007) noted that a smoking cessation intervention combined with a healthy diet improved both smoking cessation rates and fruit and vegetable consump-tion. When designing interventions targeting multiple risky health behaviors, smoking should be viewed as a primary risk behavior among multiple risky behaviors because smoking has the most consistent relationship with other behaviors (Laaksonen et al., 2001) .
Work site interventions may be ideal for health behavior interventions. A greater number of individuals with compromised health behaviors may be reached at union halls where workers congregate. Coworkers sharing similar risky health behaviors could motivate and support each other, as social support from coworkers has produced favorable outcomes (Campbell et al., 2002) . Many blue collar workers, such as Operating Engineers, who are traditionally less likely to have access to interventions have seasonal downtime, providing an opportunity for participation in interventions. Moreover, because many unions pay directly for health care, union leadership may be motivated to provide interventions that reduce health care costs. Work site interventions may also decrease absenteeism and other employment-related costs (Kuoppala, Lamminpaa, & Husman, 2008) . Work site interventions for multiple risky health behaviors, including smoking, have been shown to be effective in changing health-promoting behaviors among construction workers (Sorensen et al., 2007) . Consequently, these preliminary data have resulted in a web-based smoking cessation module that is currently being tested by Operating Engineers (Duffy et al., 2012) .
Several limitations are apparent in this study. Because the researchers used a cross-sectional design, the findings from this study could not be used to determine causation. The results were also based on the data from Operating Engineers working only in Michigan; therefore, the results may not be generalizable to Operating Engineers in other geographic areas. No differences were found in sex, race, or education between smokers and nonsmokers, most likely because the socioeconomic status of Operating Engineers is fairly homogeneous; most are White males of similar education. Although self-reported smoking status has been found to be reliable (Gorber, Schofield-Hurwitz, Hardt, Levasseur, & Tremblay, 2009 ), self-reported smoking status without biochemical verification could introduce misclassification of smokers to nonsmokers.
IMPLICATIONS FOR OCCUPATIONAL HEALTH NURSES
Given their high prevalence of smoking, Operating Engineers are at greater risk for developing smokingrelated comorbidities. Work site smoking cessation interventions have been shown to be efficacious and are costeffective in that they can reduce total health care claim costs and improve productivity (Baicker, Cutler, & Song, 2010) . In general, work site wellness programs reduced health care costs by about $3.27 for every dollar spent on wellness programs and absenteeism costs by about $2.73 for every dollar spent. Thus, wellness programs produce health as well as cost benefits.
Among health care providers, occupational health nurses are in the best position to conduct work site health behavior interventions, given their counseling skills and broad knowledge of health practices. In addition, nurses have rapport with patients and can coordinate medications with primary caregivers. Prior studies have demonstrated the significance of the nurses' role in reducing smoking (Rice & Stead, 2009 ).
CONCLUSION
Smoking rates are higher among Operating Engineers. Compared to nonsmokers, Operating Engineers who smoke are more likely younger, not married, problem drinkers, and less physically active and have a lower BMI. Smoking cessation interventions combined with interventions for multiple risky health behaviors have the potential to promote health behavior changes among Operating Engineers. Work site smoking cessation interventions delivered by occupational health nurses have the potential to improve the health behaviors and wellness of blue collar workers such as Operating Engineers.
